Despite recent advances, knowledge is limited about the extent to which workers who are exposed to noise, toxic materials, and other risks are protected by personal protective equipment (PPE). This article explores some of 1 That survey collected extensive information from respondents at companies about the types of respirators used and the conditions of their use and asked specific questions about the companies' compliance with some aspects of the OSHA respiratory protection standard (1910.95) . By looking at OSHA inspection findings about respirator use, this paper provides another way to estimate the use of respirators as well as insights into noncompliance. The questions addressed in this study are the following:
• How many establishments had violations of the OSHA Respiratory Protection (RP) standard? 2 • How did those numbers vary among establishments in different industries and size categories, and how did the numbers vary with the presence of labor unions?
• How closely do the findings from inspection data match those in the RUPS report?
• Which particular provisions of the RP standards were violated and what do these violations tell us about the patterns of noncompliance?
• What are the characteristics of the establishments that have repeated violations of the RP standards?
There are several reasons to believe that the value of OSHA inspection data could be substantial:
• OSHA inspects approximately 100,000 workplaces each year; the extent of coverage exceeds what most surveys or special research efforts can provide.
• OSHA health standards typically stipulate exposure limits. When those limits are exceeded, OSHA requires that engineering controls and administrative controls be considered. If implementing them is not feasible, then respiratory protection programs are required. The standards that are cited are often very specific, thereby aiding in the diagnoses of problems at the worksites.
as choosing facilities to investigate to see whether defects in respiratory protection programs are related to physiological changes in workers. When these RP programs are required, employers are often required to maintain medical records. Knowledge of where violations were cited in one inspection but not in a subsequent one could be used to identify workplaces where NIOSH might study how improvements in protection came about.
• The OSHA data often, although not always, provide exposure measurements at workplaces where toxic substance exposures have been present. Knowing exposure levels helps us interpret the information on PPE use.
• The OSHA data are continually updated, hence providing the potential for longitudinal studies.
• The OSHA data include a set, although limited, of establishment characteristics (industry, size, location, union status, past inspection history) that may be useful for predicting outcomes.
Only one prior study has used OSHA inspection data to look at the quality of respirator programs. 3 It reviewed inspection data from 1976 to 1982 in the states where federal OSHA operated the enforcement program. Thus it does not provide information about the much more detailed respiratory protection standard adopted in 1998. It did calculate that 12 percent of health inspections cited 1 or more violations of the RP standard in effect during the 1976-1982 period. Also, by estimating that the compliance with the RP was examined in only 37 percent of health inspections, the study concluded that 34 percent of the inspections in which respirator programs were reviewed resulted in a citation. 4 The limitations of OSHA data for surveillance are reviewed in the discussion section of this article. One obvious issue is that the OSHA data are not collected through a random process and so representativeness cannot be assured. Nevertheless, a number of researchers have used the data for studies of exposure prevalence and trends. 5 As a study on noise reported, "The exposure measurements in IMIS [Integrated Management
Information System, OSHA inspection data] can be a useful surveillance tool, but interpretation of the data is dependent on the sampling strategies used by OSHA compliance officers and consultants applicable at the time the measurements are collected." 6 This conclusion applies to exposure data for other hazards as well. The data's usefulness for characterizing exposures also depends upon the volume of data. The study concluded that the number of samples was adequate to characterize noise exposures in manufacturing but not in other sectors.
For this study, our 1999-2006 data set includes over 30,000 respiratory program violations at manufacturing firms.
Respiratory protection standard
OSHA's respiratory protection standard was promulgated on January 8, 1998 and took effect on October 5, 1998 . It has over 150 separate provisions within the 13 major sections of the standard-1910.134(a) to
1910.134(m).
In brief, these are the RP standard's requirements for employers:
• Employers must provide respirators where needed to protect workers' health.
• When respirators are required, employers must establish a written RP program which assures that the activities below will be carried out.
• When employees wear respirators when they are not required to, the employer must establish a partial RP program to ensure that respirator use itself does not harm the worker.
• Employers must assess whether respirators are needed and provide the appropriate type.
• Employers must make sure that employees are medically fit to wear respirators and that tight-fitting respirators have the proper fit.
• Employers must ensure that workers wear their respirators appropriately and that equipment is properly cleaned and maintained.
• Employers must train workers to use respirators properly.
• Employers must keep records to document that the preceding steps have been carried out and periodically evaluate their RP program.
Data and methods
The OSHA Integrated Management Information System (IMIS) collects information from inspections carried out by compliance officers. Since 1991, the IMIS has included data from every state. We obtained inspection data from OSHA through 2006 and linked all violation data to the inspections in which the violations were cited.
However, the IMIS does not have a common identifier either at the establishment or the firm level. (In the IMIS, the term "establishment" generally refers to a single workplace or facility.) Although some linking can be done by simple name and address matching, there are variations in how names and addresses are recorded, which can leave uncertainty in many cases. Because linking at the establishment level is important for this study (as well as many others), we rely on probabilistic matching to link inspections to the establishment level.
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In 29 states, the federal OSHA directly operates the enforcement program in the private sector. The other states operate their own enforcement programs upon OSHA's certification that the state's program is "as effective as" the federal program. The great majority of these "state plan" states have adopted all of the federal standards and use the same codes. However, a few states, including California, Oregon, and Washington, have their own distinct set of standards for all or some hazards. For this reason, we excluded these three states from this analysis.
The IMIS variables that we use in this study include
• number of employees at the establishment
• inspection type-e.g., programmed or complaint
• safety or health inspection
• scope-comprehensive or limited
• union-yes or no
• whether a worker accompanied the compliance officer
• year-i.e., opening date of the inspection
• standards cited
• current violation type-e.g., serious, other than serious The survey also provides estimates of the types of respirators used and information about how establishments have implemented OSHA's respiratory protection standard. In addition, the survey provides breakdowns by establishment size as well as information about the types of hazards that the respirators are protecting against.
Survey of respirator use in the private sector
The survey does have some shortcomings regarding surveillance. The most detailed industry level at which it presents findings is the two-digit SIC; more-fine-grained industry categories would be useful. Respondents were not asked to specify the actual levels of exposures or whether the facility had been cited by OSHA for RP violations.
In addition, we don't know whether respirator use was occasional or continuous. Finally, we do not know how reliable the answers provided by respondents were or whether some establishments that should have been using respiratory protection were not. violations divided by all establishments in the industry (in the 47 states in our sample). That would be a valid estimate assuming the establishments actually cited for noncompliance were the only ones that were noncompliant; however, that assumption is untenable because only a minority of establishments were inspected and some of those that were not inspected had violations.
A second potential measure would be the percentage of inspected establishments that were cited for RP violations during this period. This second measure would be a valid one if inspected and uninspected manufacturing establishments in each industry were equally likely to be cited for RP violations. This assumption is reasonable, although it ignores the fact that, while most inspections are "safety inspections" rather than "health inspections," over 90 percent of the RP violations were cited in health inspections. Apparently, in safety inspections the inspectors are generally not looking for respirator program violations.
Following through on that logic, a third measure could be RP violations only in health inspections. 8 This third measure would overestimate the prevalence of noncompliance as some violations were identified in safety inspections. However, it seems likely to be a better measure than the others.
Two other factors further complicate the estimates. First, it is likely that there will be RP violations that are missed even in the health inspections. Second, because of entrances and exits, the total number of establishments in existence during the 8-year period we are examining exceeds the number that existed in 1997, the year we employ for the denominator, perhaps by as much as 50 percent. 9 These two factors work in opposite directions. The first reduces the establishments-with-violations number in the numerator. The second reduces the establishments number in the denominator. We will use measure 3 in our discussions, but the reader should keep in mind the uncertainties. 10 Also, to the extent that we are concerned with the relative position of the industries, the choice between measure 2 and measure 3 poses fewer problems; the correlation between them for the 18 industries we examine is +0.93.
We also carried out multivariate analyses of the factors that are associated with a greater likelihood of RP violations a) being cited at an establishment and b) being cited in a subsequent inspection at an establishment that had an RP violation. We used negative binomial regressions because a goodness of fit test rejected the assumptions required for Poisson regression.
Findings
The OSHA IMIS reports more than 30,000 violations of the respiratory protection program standard and associated overexposures in manufacturing between 1999 (which was shortly after the standard became effective) and the end of 2006. Table 1 shows the number of establishments in each industry where OSHA inspections cited violations of the RP standard. 11 The first column provides the 1997 estimate of the number of establishments in each industry, based on County Business Patterns. (We exclude the tobacco and leather industries because they have so few establishments and, as explained, we exclude establishments and inspections in California, Oregon, and Washington.)
The second and third columns show the number of establishments inspected during this period and the number of them that had at least one health inspection. The fourth column presents the number of establishments where OSHA cited a firm for overexposure to a toxic substance or to the RP standard. 12 Column 5 presents the number of establishments with one or more RP violations where the establishment was cited for those violations in a health inspection.
Columns 7 through 9 in table 1 provide a basis for estimates of the prevalence of violations of the RP standard using the three measures described in the methods section. For example, the 3.9 percent for the food industry in column 7 would be a valid estimate assuming that the establishments actually cited for noncompliance were the only ones that were noncompliant. The 10-percent figure in column 8 (measure 2) would be a valid measure if inspected and uninspected manufacturing establishments in each industry were equally likely to be cited for If we view the RUPS survey as a "gold standard" for the prevalence of respirator use, we can note whether industries have more or less misuse than would be expected simply on the basis of respirator prevalence. Of course, our interpretation of these findings must be qualified. We know that many things might account for disparities. For example, if respirator use in an industry tends to be more episodic and short term, we would not expect inspections to detect and cite as many violations.
The analysis so far has focused on RP violations per establishment. The reason is that we were interested in comparing inspection data with RUPS data collected at the establishment level. inspections are more likely to be cited for two reasons. First, they tended to be in industries with high rates of RP violations; second, the additional inspections further increase the odds of being cited. In the remainder of this paper, we focus on inspections rather than establishments as the unit of analysis.
Where are RP violations cited? A multivariate analysis
In addition to providing industry information, the IMIS provides information on employment size, union status, and whether workers accompanied the compliance officer. To examine these relationships, we carried out a negative binomial regression analysis on a) whether an inspection cited RP violations and b) whether it cited serious RP violations. Table 2 shows the results.
Variables

All violations Serious violations
Incidence ratio Standard error Incidence ratio Standard error
Fewer than 20 employees (reference)
20-49 employees 1.30 (1) 0.02 1.35 (1) 0.03 50-149 employees 1.11 (1) .02 1.14 (1) . 02 150 or more employees .74 (1) .01 .75 (1) .02
Not health inspection (reference)
Health inspection 8.68 (1) . 18 9.17 (1) .27
Not programmed inspection (reference)
Programmed inspection .42 (1) .01 .37 (1) .01
Interactions between health and programmed inspections .87 (1) .02 .90 (1) .04
Not comprehensive inspection (reference)
Comprehensive inspection 3.09 (1) .04 3.18 (1) .06
Not accompanied by a worker (reference)
Accompanied by a worker 1.11 (1) .01 1.14 (1) .02
No union (reference)
Presence of a union .90 (1) .02 .95 (2) .02
States not inspected by OSHA (reference)
States inspected by OSHA 1.12 (1) .01 1.38 (1) .03
No prior RPV penalty (reference)
Presence of prior RPV penalty .91 (1) .03 .91 (2) .04
No prior programmed inspections (reference)
One prior programmed inspection .88 (1) .01 .89 (1) . 02 2 or more prior programmed inspections .82 (1) .02 .85 (1) .03
No prior nonprogrammed inspection (reference)
One prior nonprogrammed inspection .97 (3) .02 .97 .02
2 or more prior nonprogrammed inspections .73 (1) .02 .74 (1) .03
Region 1 (reference) Region 2 .79 (1) .02 .64 (1) .02
Region 3 1.11 (1) .03 .87 (1) .03
Region 4 .92 (1) .02 .63 (1) .02 (1) .02 .55 (1) .02
Region 6 .81 (1) .02 .65 (1) .02
Region 7 .82 (1) .03 .59 (1) .03
Region 8 1.37 (1) .04 1.44 (1) .05
Region 9 .76 (1) .03 .50 (1) .03
Region 10 1.18 (1) .06 .96 .07
SIC 20 (reference) SIC 22 .73 (1) .04 .44 (1) .04 SIC 23 .56 (1) .04 .36 (1) .04 SIC 24 .96 .03 .70 (1) .03 SIC 25 1.46 (1) .05 1.02 .05
SIC 26 .48 (1) .03 .33 (1) .03
SIC 27 .34 (1) .02 .21 (1) .02 SIC 28 1.39 (1) .04 1.23 (1) .05 SIC 29 1.19 (2) .08 1.20 (2) .11 SIC 30 .94 (3) .03 .77 (1) .03 SIC 32 1.85 (1) .05 1.85 (1) .07 SIC 33 1.58 (1) .05 1.64 (1) .07 SIC 34 1.60 (1) .04 1.34 (1) .05 SIC 35 1.49 (1) .04 1.26 (1) .05 SIC 36 1.02 .04 .78 (1) .04 SIC 37 1.74 (1) .05 1.53 (1) .06 SIC 38 1.07 .06 .89 .07 SIC 39 1.56 (1) .06 1.23 (1) .06 The inspection history variables show that prior inspections, whether programmed or nonprogrammed, modestly reduce the probability of being cited for an RP violation. So does the citation of an RP violation in a prior inspection.
RP violations at establishments with multiple inspections
We also examined the establishments with multiple inspections during this period and identified those in which an inspection with an RP violation was followed by another inspection or inspections. What were the characteristics of those establishments which seemed to have continuing RP-standard noncompliance? There were 4,755 establishments with multiple inspections and an RP violation in an earlier inspection. Of these, 842
(almost 18 percent) were cited again for an RP violation. (The regression table for these results is appendix   table A-1.) More violations were found again for both health inspections and comprehensive inspections, although the effects were not as large as those shown in table 2. Federal OSHA inspectors were about 40 percent more likely than state inspectors to cite RPs in these inspections. The size of the penalty for the earlier RP violation had no effect on finding a serious RP violation in the subsequent inspection. However, employers who had several serious violations (unrelated to the RP violation) in the earlier inspection were about 50 percent more likely to have an RP violation again. We also found that the effect of additional inspections appears to be fairly linear.
Thus, having two inspections after being cited doubles the probability of being cited again compared with having only one inspection after being cited.
The presence of a union was not significant in the analysis of subsequent inspections. However, the largest size category was only about half as likely to have another RP violation as were any of the smaller establishments.
Industry effects were smaller in this analysis. The probability that later inspections would find another RP violation was elevated for establishments in the furniture, stone, transportation, and fabricated metals industries, although only for total violations, not for serious violations. These were the only cases where the industry effects were statistically significant at 0.05. These four industries were also among the five with the largest positive effects on violations in the analysis of all inspections.
What is the nature of the problems that inspectors find?
OSHA requires that engineering controls and administrative controls be explored before an employer is allowed to rely on respirators to protect workers exposed to toxins. Overexposing workers generally leads to a citation of (1) is cited. If the written program is missing an element, then a subsection of (c) (1) is cited. The actual activities that employers must carry out to implement the program are described in (1) by itself means that the program is in place but the written program is not.
Section (c)(2) lays out the requirements for employers when respirator use is voluntary. In those cases, the employer still has obligations, although they are limited to providing information to the users and ensuring that respirator use does not harm them. Generally, this requires providing medical exams prior to allowing the worker to use the respirator-section 134(e)-and maintenance procedures to ensure that it remains sanitary-134(k).
As with134(c)(1), 134c (2) • Sections 134(d) (selection of respirators) and 134(i) (providing pure air for air-supplied respirators) address appropriate equipment for the exposures.
• Sections 134(e) and 134(f) both address the appropriateness of the equipment for the worker. The first is described above; the second requires procedures for fit testing for tight-fitting respirators.
• Section 134(g) prescribes rules forbidding the use of tight-fitting respirators for workers with facial hair that could affect the seal, for leaving the work area before washing or cleaning respirators, and for carrying out work where there is an imminent danger to health or life.
• Section 134(h) requires that respirators shall be clean and stored properly.
• Section 134(k) prescribes training activities.
• Sections 134(l) and 134(m) (program evaluation and recordkeeping, respectively) are paperwork requirements. Several features about these figures are worth noting. First, most-9,068 (66 percent) of the inspections with RP violations-cited firms for inadequate or nonexistent written programs. In half of those cases (4,576, or 33 percent of total inspections with violations), the violation for the deficient written program was the only RP violation cited.
Second, the violation of the requirement of a written program for voluntary users (section 1934(c) (2)) was the sole citation most of the time (72 percent). This is largely because the activities required with voluntary respirator use usually do not go beyond medical exams and training. The great majority of section 1934(c) (2) violations were for failing to provide the required information brochure to the affected workers.
Third, in 1,113 inspections, the employer was cited for violations of section 1910.134(a). In the great majority of cases, the employer had no RP program and there were overexposures to employees. Usually, this provision is cited by itself because there is no need to cite other deficiencies.
Fourth, if we add together all cases in table 3 in which only a single section of standard 1910.134 was cited in the inspection, we get 7,488, or 55 percent of all the inspections with RP violations. 16 Among the other 6,200 inspections, over 2,000 cited at least 4 different sections of the standard.
Fifth, the most frequently cited of the other sections of the standard is 134(e), which requires medical exams to determine whether an employee is able to wear a respirator. Like the other requirements beginning with 134(d),
134(e) is rarely cited by itself but often goes along with failures of the written program. (1) or (2) Next we try to provide a better sense of the types of noncompliance by looking at the most frequently cited individual provisions and the percentage of times they were cited as a serious, as opposed to an "other than serious" violation. Apart from the failure to have a written program, the failure to provide medical exams to determine fitness to wear respirators prior to use is by far the most frequent violation. The failure to require fit testing for tight-fitting facepiece respirators before use and at least annually is a distant second. Failure to train workers about respirator usage is the third most common, followed by requirements for proper storage of respirators and for employers to estimate employee exposures in order to determine the appropriate respiratory protection.
Second, we see that the percentage of violations cited as serious ranges from 11 percent for sections 134(c) (2) (i) and 134(k) (6) to 85 percent for section 134(i) (7) . Thus, whether a particular violation of a standard is cited as "serious" depends upon the context of the violation. 17 The first two standards both require providing voluntary users with informational brochures about respirators. The last requires that carbon monoxide alarms be used when providing compressed air to air-supplied respirators.
The four provisions cited as serious less than 30 percent of the time all pertain to voluntary respirator use.
Those with percentages of 60 percent or greater tend not to be the most frequently violated. Sections 134(a) (2) and 134(d)(1)(iii) are the only provisions above 60 percent that each have more than 1,000 violations.
Discussion
This paper used the findings of OSHA inspections in manufacturing to make inferences about the prevalence of different types of problems with respiratory protection (RP) programs and about the factors associated with the occurrence of those problems. In the absence of other sources of information, these data can provide useful insights despite the basic limitation that they are not based on a representative sample of inspections or establishments inspected.
In the case of RP problems, we are able to use the RUPS survey to provide a partial validation of the findings from inspection data. A major purpose of the survey was to estimate the prevalence of respirator use across industries. Since respirator misuse cannot occur in the absence of respirator use (except in the cases where respirators should be used but are not), it is plausible to assume that the estimates of respirator use and the findings about violations of OSHA's RP standard would be positively correlated. Indeed, for two-digit SIC manufacturing industries, the correlations were +0.75 and +0.85, depending upon the measure of noncompliance used.
Those findings are also used to identify the industries where required respirator use and the prevalence of RP violations diverged most sharply. The chemical industry (SIC 28) and the transportation industry (SIC 37) both had many fewer violations than would have been expected on the basis of required use. In contrast, the lumber and wood industry (SIC 24), miscellaneous manufacturing (SIC 39), and stone, clay, and glass (SIC 32) all had more violations than expected. The same findings for industries persisted when we controlled for the types of inspections, other establishment characteristics (size and unionization), and inspection history. It appears that education about the RP standards' requirements and perhaps greater efforts to enforce those requirements could be especially desirable among respirator-using facilities in the latter set of industries. However, OSHA would also need to take account of the severity of the exposures that the RP standard is intended to guard against.
Other findings from the regression analysis could also be used to identify where RP violations are most and least likely to be found. Not surprisingly, larger establishments (over 150 employees) were about half as likely to be cited for serious violations as were smaller establishments. Prior inspections of any type modestly reduced the likelihood of RP violations, as did prior RP violations.
We also looked directly at the factors associated with subsequent RP violations at establishments that had previous RP violations. The results were generally similar with respect to the effects of inspection type. Union status no longer had an effect, although the effect of establishment size was even stronger than in the table 2 findings. Industry effects were still common for all violation types, but for serious violations only the machinery industry had a significant and positive effect. We also examined whether the likelihood of a repeated RP violation varied with the section of 1910.134 that had been cited. There were only a few indications of impact.
Citations for violations of programs where respirator use was voluntary were much less likely to be followed by another RP violation. Maintenance violations were more likely to be followed by other violations, as were citations for overexposures and the failure to provide an appropriate RP plan. It would be important in the future to focus more on this most serious set of violations.
We also found that by far the most frequent violation of the RP standard was the failure to have a written RP
program. In about a third of all inspections with RP violations, this was the only RP violation cited. In an equal percentage of cases, this violation for the written program was cited along with violations for failing to carry out the mandated activities in the proper way. In over 1,100 cases, the employer was cited both for overexposing workers and for having no written program.
Data limitations
In addition to the nonrandom nature of the sample, other limiting factors need to be considered. Although, as noted above, the citation of a violation is very strong evidence that a violation did indeed exist, the absence of a violation is a much less reliable indicator that a violation did not exist. In their 1985 study, James M. Paull and Frank S. Rosenthal estimated that the respiratory program had been examined in only 37 percent of health inspections. 18 Interviews with industrial hygienists indicated to us that the practice was considerably more routine now, but we do not have a specific estimate; we assume 100 percent in our calculations.
Our regression analyses show that violation citation practices vary among states and within OSHA regions.
Changes in OSHA enforcement policy can affect the numbers of particular types of inspections that are carried out and the policy for citing violations.
We often do not know from the IMIS what the nature of the exposure was in terms of its duration and whether the processes generating the exposure were occasional or constant. Compliance officers would be less likely to detect violations at establishments with brief, occasional requirements for respirator use than at those where use was for an extended period.
The IMIS itself provides only limited information on the reasons for the defects in the personal protective equipment programs. We can learn whether the employer failed to provide PPE, whether the employer failed to ensure that employees wore it as needed, and whether the equipment was not selected properly or was not adequately maintained. But we do not know, for example, whether employees resisted wearing the equipment because the environment was too hot.
Further research
In the absence of a formal survey, OSHA could gain more understanding by carrying out a subset of its health inspections in a random fashion. At the same time that it was carrying out enforcement, OSHA could gather more representative data on respirator use.
Another approach is to examine a random set of case files where health inspections had been conducted. Along with interviews with the hygienists who carried out the inspections, such a study could generate a better understanding of the status of respiratory programs and the reasons for their shortcomings. 20-49 employees 1.30 (1) 0.02 1.35 (1) 0.03 50-149 employees 1.11 (1) .02 1.14 (1) . 02 150 or more employees .74 (1) .01 .75 (1) .02
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